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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a steel sheet such as hot-rolled steel sheets and cold-rolled steel sh ets, 
and to a method for manufacturing the same. 

BACKGROUND OF THE INVENTOiN 

10 [0002] Steel sheets such as hot-rolled steel sheets and cold-rolled steel sheets are used in wide fields including 
automobiles, household electric appliances, and industrial machines. Since these steel sheets are subjected to some 
processing before use, they are requested to have various kinds of workability. 

[0003] Recently, the request of manufacturers of automobiles, household electric appliances, industrial machines, 
and the like relating to rationalization becomes severer than ever, particularly in the request for improvement in pro- 
15 duction yield. To cope with the requirement, the materials thereof are requested to have particularly high homogeneity 
and high workability level. 

[0004] Regarding the workability requested to the hot-rolled steel sheets and cold-rolled steel sheets, high tension 
materials (high tensile strength hot-rolled steel sheets) having strengths of 340 MPa or higher class and for the uses 
other than deep drawing, for example, are required to have high stretch flanging performance during burring. The cold- 
20 rolled steel sheets having strengths of 440 MPa or lower and for the drawing uses are requested to have high r value 
and high breaking elongation. 

[0005] In recent years, the quality requirement of the consumers to the steel sheets has continuously been increasing, 
so that not only further Improvement in the above-described workability but also homogeneity in mechanical properties 
in coiled products are strongly requested. 

25 [0006] Responding to these requirements of consumers, several measures have been studied. For example, In view 
of the homogeneity of material quality, JP-A-9-241742, (the term "JP-A" referred herein signifies "Unexamined Japa- 
nese Patent Publication"), discloses a method for improving the homogeneity of mechanical properties in a hot-rolled 
coil by adopting continuous hot-rolling. The method is a technology that uses a process of continuous hot-rolling to 
improve the material quality of the rolled steel sheet at front end thereof and at rear end thereof, and to eliminate the 

30 dispersion in material quality within a coil. 

[0007] As for the improvement in workability of high tension materials, JP-B-61 -15929 and JP-B-63-67524, (the term 
"JP-B-" referred herein signifies "Examined Japanese Patent Publication"), disclose a method to improve the workability 
of high tension hot-rolled steel sheet by controlling the cooling speed after the hot-rolling and controlling the colling 
temperature. 

35 [0008] For the improvement In workability of IF steels (Interstitial- Free Steels), JP-A-5-1 1 2831 discloses a method 
to apply strong drafting during hot-rolling and to apply rapid cooling. The technology Intends to improve the r value of 
cold-rolled steel sheet by applying final reduction in thickness of hot-rolling to 30% or more and by applying rapid 
cooling immediately after completed the rolling, thus reducing the grain size in the hot-rolled steel sheet. 
[0009] All the above-described technologies, however, could not obtain steel sheet that is superior In both the work- 

40 ability and the homogeneity in mechanical properties. For example, the material properties (determined at center portion 
of coil width) obtained by the technology described In JP-A-9-241742 aiming at elimination of dispersion of material 
quality in a coil gave variations of tensile strength (TS) in an approximate range of from 4.5 to 6.3 kg/mm^ for the steel 
sheets of 30 to 70 K class, which range is not satisfactory for users' requirement. 

[0010] The technology described in JP-B-61 -15929 aiming at the improvement in workability of high tension materials 
45 improves the balance of strength and ductility compared with conventional steel sheets, but fails to substantially solve 
the stretch flanging performance. Furthermore, the technology cannot improve the surface defects. Similarly, the high 
tension hot-rolled steel sheets manufactured by the method of JP-B-63-67524 cannot substantially solve the stretch 
flanging performance, though the breaking elongation and the toughness of steel sheets are improved. 
[0011] Also the method described In JP-A-5-1 12831 aiming at the improvement in workability of IF steels cannot 
50 reduce the dispersion of material quantity to a satisfactory level. That is, according to the description of Examples of 
JP-A-5-1 12831 , the average cooling speed immediately after the rolling, which average cooling speed is a feature of 
the invention, is in a range of from 90 to 105**C/sec during 1 second after starting the cooling, and from 65 to SO^C/ 
sec during 3 seconds after starting the cooling. With that level of cooling speed, however, it was found that, under the 
hot-rolling condition In commercial apparatuses, the grains in the steel sheet, particularly those in rolling top portion, 
55 cannot be refined. 

[0012] The cause is presumably that the cooling cannot be started immediately after completed the finish-rolling, 
and there needs a time to start cooling. Since the cooling unit cannot be installed at directly adjacent to the exit of the 
final rolling stand owing to the necessity of installing finish themrtometer and instruments to the exit of the final stand 
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of finish-rolling mill, the cooling cannot be perfomned within, for example, 0.1 second after the completion of the finish- 
rolling. Particularly at the rolling top portion, high speed travel is not availabi and the rolling speed is slow, which 
results in long time before starting the cooling. Thus, the cooling at a cooling speed described in the patent disclosure 
cannot pr vent the formation of coarse austenitic grains. 

5 [0013] As describ d above, the top portion of the st el strip after the hot-rolling is difficult to be rapidly cooled, thus 
the grains cannot be fully reduced in their size, which fails to obtain superior mechanical properties and homogeneity 
thereof, increased reduction in thickness in the final pass of hot-rolling is favorable for reducing the size of austenitic 
grains. However, increase of the reduction in thickness to 30% or more as in the technology described in J P-A-5-1 1 2831 
is difficult to be actually implemented because the insufficient shape of steel sheet likely occurs. 

10 [0014] The automobile industry has a strong need of weight reduction. Accordingly, the use rate of high strength 
steel sheets has been increased. To this point, the high tension materials are inferior In workability to the mild materials 
of 270 MPa class, thus there occur problems of production yield (cracks generated during press-working) and of quality 
dispersion. Consequently, the improvement in workability which is a basic characteristic of material quality is requested. 
[0015] Regarding the workability, high tension materials having 340 MPa or higher tensile strength, for example, are 

15 requested for hot-rolled steel sheets and cold-rolled steel sheets to have high stretch flanging performance during 
burring. In addition, in recent years, the automobile application is requested to satisfy the collision safety as one of the 
critical characteristics, thus the steel sheets are requested to have excellent shock resistance (high shock absorption 
energy as an evaluation item of collision safety). 

[0016] As for the improvement in workability of high tension materials, there is a prior art, Japanese Patent No. 

20 2555436. According to the disclosure of the patent, a Ti base precipitation hardening steel is processed at cooling 
speeds of from 30 to 1 50®C /sec after the finish-rolling, at colling temperatures of from 250 to 540®C, thus improving 
the stretch flanging performance of high tension steels of 50 to 60 K class utilizing the formed (ferrite + bainite) structure. 
However, the cooling speeds of from 30 to 150**C/sec after the finish-rolling cannot be said to substantially improve 
the stretch flanging performance, and, there is a problem of low breaking elongation owing to the low temperature level 

25 of coiling. 

[0017] JP-B-7-56053 discloses a method to improve the stretch flanging performance of hot dip zinc-coated steel 
sheets as the substrate of hot-rolling sheets using (ferrite + peariite) steels of 45 to 50 K class applying cooling speeds 
of 10®C/sec or more (Examples gave max. 95**C/sec) after the hot-rolling finishing. The cooling speed is, however, 
95®C/sec at the maximum, and substantial improvement in the stretch flanging performance cannot be attained. 

30 [0018] JP-A-4-88126 discloses a method to improve the stretch flanging perfomiance of the high tensile materials 
of 50 to 70 K class using (ferrite + peariite) steels with the addition of 0.0005 to 0.0050% Ca, applying hot-rolling at 
high temperatures of (Ar3 transfomiation point + 60 to 950**C), and applying cooling within 3 seconds after the hot- 
rolling at cooling speeds of 50^*0 /sec or more, preferably 1 SO'^C/sec or less, then the cooling is stopped at temperatures 
of from 41 0 to 620^*0 depending on the composition of the steel, followed by air cooling and coiling at 350 to 500**C of 

35 coiling temperatures. Since, however, slight amount of addition of Ca requires an RH degassing step in the steel making 
stage, the steel making cost increases. Furthermore, even with the cooling condition after the hot-rolling, which cooling 
is a feature of the technology, the stretch flanging performance cannot be drastically improved. In addition, low coiling 
temperature results in low breaking elongation. 

[0019] As described above, all these prior art technologies cannot attain satisfactory characteristics of stretch flanging 

40 performance and breaking elongation, and furthemiore, they did not describe the improvement in the shock resistance. 
[0020] As for the manufacturing of high tension steel sheets, there are methods to secure strength without adding 
large amount of alloying components: the method to strengthen the cooling after rolling; and the method to reduce 
grain size. The latter method particularly improves not only the strength but also the toughness, so that there are many 
proposals of the method, including JP-A-58- 123823. 

45 [0021] JP-A-61 -73829 discloses a method that combines the method to strengthen the cooling after rolling with the 
method to reduce grain size, and the feature of the method is to apply rapid cooling to the steel sheet, which was once 
prepared to fine microstructure under an adjustment of rolling condition, for further reducing the grain size. That is, the 
rapid cooling is given to a state that slight amount of ferritic grains were generated during or immediately after the 
rolling, thus to finely divide the transfonned structure using the ferrite to create very fine microstructure, which gives 

50 steel sheet having high strength and high toughness. 

[0022] The method, however, absolutely requires the precipitation of ferrite during or immediately after the rolling 
owing to the low temperature rolling. Therefore, there are problems of, when the rolling finishing temperature and the 
temperature to stop cooling varied in the rolling width direction or in the rolling longitudinal direction, the strength varies 
even in the same composition steels and in a coil, which fails to attain specified strength. 

55 [0023] As described above, since the prior art intends to refine the grains by rolling followed by rapid cooling the 
microscopic structure of the steel sheets to secure high strength and high toughness. Owing to the method, the prior 
art likely induces unstable characteristics under the variations in manufacturing conditions. 
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DISCLOSURE OF THE INVENTION 

[0024] First, it is an object of the present invention to provide a method fornnanufacturing steel sheet that is applicable 
for press-working requiring strict dimensional accuracy, provides superior workability including stretch flanging per- 
5 formance, gives uniform mechanical prop rties and various levels of characteristics, and gives excellent sheet shape 
property. 

[0025] To attain the object, the present invention provides a method for manufacturing steel sheet comprising the 
steps of: fomning a sheet bar; forming a steel strip; applying primary cooling and secondary cooling to the steel strip; 
and coiling the cooled steel strip. 
10 [0026] The step of fomning the sheet bar comprises rough-rolling a continuously cast slab containing 0.8% or less 
C by weight. 

[0027] The step of forming the steel strip comprises finish-rolling the sheet bar at finishing temperatures of not less 
than (Ar3 transformation point - 20'*C). 

[0028] The step of cooling the steel strip comprises cooling the finish-rolled steel strip at cooling speeds of higher 
15 than 120*C /sec down to temperatures of from 500 to 800*C. 

[0029] The step of coiling the cooled steel strip comprises coiling the secondary-cooled steel strip at temperatures 
of from 400 to 750** C. 

[0030] In the method for manufacturing steel sheet, when a sheet bar is formed by rough-rolling a continuously cast 
slab containing more than 0.8% and not more than 1 % C by weight, the sheet bar is finish-rolled at finishing temper- 

20 atures of not less than (Acm transfomnation point - 20*0), 

[0031 ] Secondly, it is an object of the present invention to provide a method for manufacturing steel sheet that induces 
less failures in forming to a product shape, is possible to conduct product layout on a coil at high yield, has superior 
workability of stretch flanging performance and breaking elongation, has high shock resistance, and gives excellent 
tensile strength as high as 340 MPa or more. 

25 [0032] To attain the object, the present invention provides a method for manufacturing steel sheet comprising the 
steps of: forming a slab; forming a hot-rolled steel sheet; applying primary cooling and secondary cooling to the hot- 
rolled steel sheet; and coiling the cooled steel sheet. 

[0033] The step of forming the slab comprises continuous casting to give treatment for reducing segregation to man- 
ufacture the slab consisting essentially of 0.05 to 0.14% C, 0.5% or less Si, 0.5 to 2.5% Mn, 0.05% or less P, 0.1% or 
30 less S, 0.005% or less O, and less than 0.0005% Ca, by weight. 

[0034] The step of forming the hot-rolled steel sheet comprises hot-rolling the slab at finishing temperature of finish- 
rolling not less than Arg transformation point. 

[0035] The primary cooling step comprises cooling the hot-rolled steel sheet starting the primary cooling within 2 
seconds after the hot-rolling to temperatures of from 600 to 750**C at cooling speeds of from 100 to 2,000**C/sec. 
35 [0036] The secondary cooling step comprises cooling the primary-cooled steel sheet starting the secondary cooling 
to the above-described temperature range at cooling speeds of less than 50*C /sec. The secondary-cooled steel sheet 
is coiled at temperatures of from 450 to 650'*C. 

[0037] Thirdly, it is an object of the present Invention to provide a method for manufacturing steel sheet that provides 
wanted strength characteristics stably. 
40 [0038] To attain the object, the present invention provides a method for manufacturing steel sheet comprising hot- 
rolling step and cooling step. 

[0039] The step of hot-rolling comprises hot-rolling a steel consisting essentially of 0.03 to 0.12% C, 1% or less Si, 
5 to 2% Mn, 0.02% or less P, 0.01% or less S, at least one element selected from the group consisting of 0.005 to 
0.1% Nb, 0.005 to 0.1% V, and 0.005 to 0.1% Ti, by weight, at temperatures of 1,070*»C or below to accumulated 
45 reductions in thickness of 30% or more. 

[0040] The step of hot-rolling may be carried out on a steel consisting essentially of 0.03 to 0.12% C, 1% or less Si, 
0.5 to 2% Mn, 0.02% or less P, 0.01% or less S, and 0.05 to 0.5% Mo, by weight, at temperatures of 1 ,070'C or below 
to accumulated reductions In thickness of 30% or more. 

[0041] The step of cooling comprises cooling steel sheet within 6 seconds after the completion of the rolling to tem- 
50 peratures higher than 500*'C and not higher than 700*C at average cooling speeds of not less than 80*C/sec. 

BRIEF DESCRIPTION OF THE DRAWING 

[0042] 

55 

Fig. 1 shows the influence of the time to start the primary cooling on the mechanical properties according to the 
Preferred embodiment 2. 

Fig. 2 shows the relation between the tensile strength and the bore expanding rate according to the Preferred 
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embodiment 2. 

Fig. 3 shows the influenc of the temperature to stop the rapid cooling (primary cooling) on the strength charac- 
teristics (TS, YS) according to the Preferred mbodlment 3. 

Fig. 4 shows the influence of the temp rature to stop the rapid cooling (primary cooling) on the str ngth charac- 
5 teristic (El) according to the Preferred embodim nt 3. 

Fig. 5 shows the influence of the temperature to stop the rapid cooling (primary cooling) on the strength charac- 
teristics (TS, El) according to the Preferred embodiment 3. 

Fig. 6 shows the Influence of the temperature to stop the rapid cooling (primary cooling) on the strength charac- 
teristic (YR) according to the Preferred embodiment 3. 
10 Fig. 7 shows the influence of the temperature to stop the rapid cooling (primary cooling) on the toughness according 

to the Preferred embodiment 3. 

PREFERRED EMBODIMENT FOR CARRYING OUT THE INVENTION 

IS Preferred embodiment 1 

[0043] The method for manufacturing steel sheet according to the Preferred embodiment 1 comprises the steps of: 
forming a sheet bar by rough-rolling a continuous cast slab containing 0.8% or less C by weight; forming a steel strip 
by finish-roiling the sheet bar at finishing temperatures of finish-rolling of not less than (Ar^ transfomnation point - 20^0); 

20 rapid cooling the steel strip after the finish-rolling down to temperatures of from 500 to 800**C at cooling speeds of 
higher than 1 20'C/sec; and colling the steel strip after the rapid cooling at coiling temperatures of from 400 to 750*»C. 
[0044] In the manufacturing method, the continuously cast slab may be prepared by continuously casting a steel 
consisting essentially of 0.8% or less C, 2.5% or less Si, and 3.0% or less Mn, by weight. Furthemriore, the continuously 
cast slab may be prepared by continuously casting a steel consisting essentially of 0.8% or less C, 2.5% or less Si, 

25 3.0% or less Mn, and 0.01 to 0.2% at least one element selected from the group consisting of Ti, Nb, V, Mo, Zr, and 
Cr, by weight. Furthemriore, the continuously cast slab may be prepared by continuously casting a steel consisting 
essentially of 0.8% or less C, 2.5% or less Si, 3.0% or less Mn, and 0.005% or less at least one of Ca and B, by weight. 
[0045] In these manufacturing methods, the continuously cast slab may be prepared by continuously casting a steel 
consisting essentially of 0.8% or less C, 2.5% or less Si, 3.0% or less Mn, 0.01 to 0.2% at least one element selected 

30 from the group consisting of Ti, Nb, V, Mo, Zr, and Cr, and 0.005% or less at least one of Ca and B, by weight. 

[0046] In these manufacturing methods, the C content may be specified to a range of from more than 0.8% and not 
more than 1 .0% by weight, instead of 0.8% or less, and the finishing temperature may be specified to (Acm transfor- 
mation point - 20**C) Instead of (Arg transfomnation point - 20"C), while adopting the same conditions for other variables. 
[0047] The above-described aspects of the invention have been derived during the keen studies to solve the above- 

35 described problems. In the course of the studies, the inventors of the present Invention found that the workability of 
steel sheets and the homogeneity of mechanical properties thereof are significantly influenced by the time between 
immediately after the rolling and the start of cooling and by the cooling speed. After investigating these variables, the 
inventors of the present invention have successfully manufactured steel sheet having excellent workability and homo- 
geneous mechanical properties, allowing high yield product layout on a coll, from the standpoint of use conditions at 

40 manufacturers of automobiles, household electric appliances, industrial machines, and the like. The detail of the man- 
ufacturing method according to the present invention is described in the following. First, the chemical composition of 
steel Is described. 

C: 1% or less (by weight: hereinafter the same unit is applied) 

45 

[0048] CariDon is an additive elementto ensure the strength of steel. Excessive addition, however, results in significant 
degradation in workability. That is, more than 1% C content Induces degradation in woricabillty. Accordingly, the C 
content is specified to 1% or less. 

50 Si: 2.5% or less 

[0049] Silicon is an elementto strengthen solid solution. If, however, the Si content exceeds 2.5%, the surface prop- 
erties degrade. Consequently, the Si content is preferably 2.5% or less. 

55 Mn: 3% or less 

[0050] Manganese improves toughness of the steel sheet and has function to strengthen solid solution. However, 
Mn is an element that gives bad influence on workability. If the Mn content exceeds 3%, the strength increases to 
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significantly degrade the workability. Therefore, the Mn content is preferably 3% or less. 
P: 0.2% or less 

5 [0051] Phosphorus Is an element that has a function to strengthen solid solution. If, however, the P content exceeds 
0.2%, grain boundary brittleness caused from grain boundary segregation likely occurs. Accordingly, the P content is 
preferably 0.2% or less. 

S: 0.05% or less 

10 

[0052] Sulfur is an impurity element, and the S content is preferably minimized. If the S content exceeds 0.05%, fine 
sulfide precipitation increases to degrade the workability. Consequently, the S content is preferably 0.05% or less. 

N: 0.02% or less 

15 

[0053] Less amount of N reduces further the necessary adding amount of carbo-nitride forming elements, which are 
described later, to improve economy. If the N content exceeds 0.02%, the degradation In workability of steel sheet 
unavoidably occurs even when carbo-nitride forming elements are added to fix N. Therefore, the N content is preferably 
0.02% or less. 

20 

O: 0.005% or less 

[0054] Oxygen content is required to be controlled to suppress crack generation on the surface of slab or below the 
surface layer of slab during continuous casting. If the O content exceeds 0.005%, the crack generation on slab becomes 
. 25 significant, and the workability which is an aim of the present invention also degrades. Accordingly, the O content is 
preferably 0.005% or less. 

At least one element selected from the group consisting of Ti, Nb, V, Mo, Zr and Cr: 0.01 to 0.2% 

30 [0055] Adding to the above-described chemical components, necessary amounts of Ti, Nb, V, Mo, Zr, Cr are added 
to adjust the strength or to improve the non-aging effect (and to Improve the deep drawing performance) utilizing the 
reduction in solid solution C and N resulted from the formation of carbo-nitrldes. The sum of added these elements 
less than 0.01% gives no effect, and more than 0.2% degrades the workability such as ductility and deep drawing 
perfomnance. Consequently, if Ti, Nb, V, Mo, Zr, Cr are added, the sum of these elements are specified to a range of 

35 from 0.01 to 0.2%. 

At least one element element selected from the group consisting of Ca and B: 0.005% or less 

[0056] According to the present invention, Ca and B are effective elements to Improve the workability of steel sheet, 
40 so these elements are preferably to be added. If, however, the sum of the Ca and B contents exceeds 0.005%, the 
deep drawing performance is degraded. Therefore, if Ca and/or B are added, the sum of the added contents Is specified 
to 0.005% or less. 

[0057] Next, the manufacturing conditions according to the present invention are described below. 

45 Finishing temperature (for the case of C ^ 0.8%): (Ars transfomnation point - 20*C) or above 

. [0058] When the C content is 0.8% or less, If the finishing temperature is below the (Arg transformation point - 20**C), 
the ferrite transformation proceeds in a part of the steel microstructure, resulting in working on the ferritic grains, which 
leads to unfavorable material quality such as enhanced nonhomogeneous material quality and intraplane anisotropy. 
50 Therefore, according to the present invention, when the C content is 0.8% or less, the finish-rolling Is applied at finishing 
temperatures of (Arg transformation point - 20**C) or above. The finish-rolling assures the homogeneous structure and 
the reduced grain size in succeeding steps, thus improves the workability such as the balance of strength and ductility, 
the stretch flanging perfomnance, and increases the rvalue in a cold-rolled steel sheet. 

55 Finishing temperature (for the case of C > 0.8%): (Acm transformation point - 2b**C) or above 

[0059] When the C content exceeds 0.8%, if the finishing temperature is below the (Acm transformation point - 20*C), 
the cementlte which is precipitated at austenitic grain boundaries increases to fail to form homogeneous pearlite struc- 
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ture, which results in nonhomogeneous microstructure. Thus, according to th present invention, wh n the C content 
exceeds 0.8%, the finish-rolling is applied at finishing temperature of (Ars transformation point - 20**C) or above. The 
finish-rolling assures the homogeneous microstructure and the reduced grain size in succeeding steps, thus improves 
th workability such as the quenching performance, the spheroidizing rate in cold-rolied steei sheet, and the stretch 
5 flanging performance. 

Cooling after rolled: rapid cooling at cooling speed > 120^C /sec 

[0060] According to the present invention, rapid cooling after rolled is necessary to establish fine structure of ferritlc 
10 grains, pearlite and the lil<e after the transfomiation and to unifonnize the material quality. If the cooling is gradual 
cooling, the microstructure becomes coarse one, and in a high C steel, homogeneous pearlite structure cannot be 
attained to result in nonhomogeneous microstructure. If the cooling speed is laC^C/sec or less, the ferritic grains and 
the structure of pearlite and the like generated from transfomnatlon become coarse, and In a hypereutectoid steel, 
cementite precipitates to result in nonhomogeneous mbrostructure. 

15 

End temperature of cooling: 500 to 800*C 

[0061] If rapid cooling is given down to below 500**C, the difference (margin) between the cooling temperature and 
the coiling temperature becomes less, which makes temperature homogenization difficult. Furthermore, additional cool- 
20 ing unit for the rapid cooling becomes necessary, which increases the investment cost. To the contrary, if the end 
temperature of cooling exceeds BOO'C, only a part of the microstructure is transfomried to give nonhomogeneous one, 
thus the microstructure becomes coarse during the cooling (slow cooling) accompanied with the temperature adjust- 
ment during the succeeding coiling step. 

[0062] Accordingly, after the rolling, when the steel strip is subjected to primary cooling at cooling speeds of higher 
25 than 120*C/sec down to the temperatures of from 500 to BOO'C, the ferritic grains and the precipitates of pearlite and 
the like become fine in their size after the transfomnation, which improves the workability. The upper limit of the cooling 
speed Is not specifically specified. From the viewpoint of industrial applicability, however, the upper limit of the cooling 
speed is 2,000**C/sec. 

30 Colling temperature: 400 to 750**C 

[0063] After the secondary cooling, the steel strip is required to be coiled at coiling temperatures of from 400 to 
750*C. The reason is that less than 400*C of coiling temperature induces the formation of low temperature transfor- 
mation phase, and that above 750 ®C of coiling temperature induces formation of coarse microstructure of grains and 
35 the like to degrade the workability. 

[0064] The basic manufacturing conditions according to the present invention are described above. The following- 
described manufacturing conditions may further be applied, at need. 

Treatment in the course of from continuous casting to rough-roiling: direct rolling or warm feeding 

40 

[0065] The continuously cast slab may be roughly-rolled either by direct hot-rolling or by reheating, before cooling 
to room temperature, to temperatures of 1 ,200**C or below by feeding at warm state Into a heating furnace. According 
to the present invention, the continuously cast slab is not cooled to room temperature but started the rough -rolling with 
direct-rolling in as-cast state, or is reheated to temperatures of 1 ,200^C or below, followed by starting rough-rolling. 
45 As a result, the temperature of slab before rolling becomes unifomri and the mechanical properties in a coil becomes 
further homogeneous. 

Treatment in the course of from immediately before the finish-rolling to during the rolling: induction heating 

50 [0066] The material to be rolled may be heated by an induction heating unit immediately before the finish-rolling or 
during the finish-rolling. According to the present invention, the temperature of the material during rolling becomes 
more unifonn and the mechanical properties In a coil become more homogeneous. 

Time to start the rapid cooling: more than 0.1 second and less than 1 .0 second 

55 

[0067] After the finish-rolling, the rapid cooling can start within a period ranging from more than 0.1 second and less 
than 1 .0 second. According to the present invention, the ferritic grains and the precipitates of peariite and the like are 
refined after the transformation, which further improves the workability. 
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Treatment after coiling: cold-rolling to annealing 

[0068] The steel sheet manufactured by the above-described method may further be subjected to cold-rolling and 
annealing. According to the present invention, the material properties and structure of the hot-rolled coll are homog - 
5 neous, the annealing after the cold-rolling provides a cold-rolled steel sheet that has excellent workability and homo- 
geneity of mechanical properties. 

[0069] Thus, according to the present invention, the reduction in variations of temperature in a coil allows to manu- 
facture a steel sheet in which the variations (maximum and minimum values) of tensile strength of the hot-rolled steel 
strip in the width direction and in the longitudinal direction thereof are within ±8% of the average of the tensile strength 
10 in a coll. The steel sheet having that small variations gives small variations of press-workability (such as spring back 
during bending) in a coil. That type of steel sheet contributes to the product yield and shape accuracy after the press- 
working at users' shops. That is, the steel sheet has excellent performance as the material. 

[0070] On carrying out the present invention, the steel composition is not specifically limited, and common existing 
compositions of hot-rolled steel sheets and cold-rolled steel sheet that have various characteristics may be applied. 
15 That is, simple carbon steel sheets or steel sheets containing special elements such as Ti, Nb, V, Mo, Zr, Ca, B are 
also applicable. According to the present Invention, the addition of 0.02 to 2% Cu and the addition of 0.01% or less Sn 
are allowable. Within that range of Cu and Sn contents, these elements do not degrade the effect of the present 
invention. 

[0071] When a continuously cast slab is not cooled to room temperature but started rough-rolling after heated to 
20 1,200^*0 or lower temperature, the temperature of slab before the rolling can be unifonnized, thus the mechanical 
properties in a coil can further be homogenized. After the continuously cast slab is roughly-rolled, when the sheet bar 
immediately before the finish-rolling is, or when the material during the finish-rolling is heated by an induction heating 
unit, the temperature of the material during rolling can further be uniformized, and the mechanical properties in a coil 
can further be homogenized. 

25 [0072] In the finish-rolling, the reduction in thickness in the final pass is preferably set to 8% or more and less than 
30%. The reason is that full reduction of austenitic grain size preferably requires 8% or higher reduction in thickness, 
and that sustaining good shape of steel sheet preferably requires less than 30% reduction in thickness. From the point 
of size reduction in the hot-rolled steel sheet, it is preferable that the reduction in thickness at each rolling pass Is set 
to higher than 10%. 

30 [0073] As for the finishing temperature, when the C content is 0.8% or less, if the finish-rolling is conducted at tem- 
peratures of from (Ar3 transformation point - 20^C) to (Ar3 transformation point + 50*C), the grains immediately after 
the finish-rolling, or before the runout table cooling, can be refined. By adopting the finishing temperature of (Arg trans- 
formation point + 50**C) or less, the fomnation of coarse austenitic grains is prevented, and the reduction in ferrltic grain 
size after rolling becomes easy. As a result, the refinement of grains in succeeding steps can be attained, thus improving 

35 the workability such as the balance of strength and ductility, the stretch flanging performance, and high r value in cold- 
rolled steel sheet. 

[0074] When the C content exceeds 0.8%, if the finish-rolling is given at temperatures of from (Acm transformation 
point - 20^*0) to (Acm transformation point -4- 1 00*C), while adopting the other conditions same as those in the case of 
0.8% or less C, the steel sheet having excellent workability and homogeneous mechanical properties can be obtained, 
40 By adopting the finishing temperature to (Acm transformation point + 1 00**C) or below, the formation of coarse austenitic 
grains is prevented and the fomnation of fine pearlite colony after the rolling can be attained. 

[0075] When the finishing temperature differs depending on the positions on a material being rolled in width direction 
and In longitudinal direction, and when the difference therebetween becomes significant, the structure of steel strip 
becomes nonhomogeneous. Thus, the difference in finishing temperature is preferably maintained to a small level. If 
45 the finish-rolling is conducted so as the finishing temperature difference in a material being rolled to fall in 50^*0 range, 
the mic restructure of steel strip immediately after the finish-rolling becomes homogeneous, and the homogeneity of 
the mechanical properties after coiled is assured. As a result, the difference in microstructure and material properties 
of final products can be neglected. Therefore, the difference in finishing temperature in a material being rolled is pref- 
erably 50*C or less. 

50 [0076] After the rolling, to establish fine microstructure of ferrltic grains and pearlite and the like and to establish 
homogeneous material quality, the cooling after the rolling is preferably in combination of rapid cooling and slow cooling. 
By applying slow cooling after the rapid cooling, the local Irregularity of end temperature of cooling is reduced, and the 
variations in absolute values of end temperature of cooling become less, so that the variations in material quality level 
is diminished. Above-described rapid cooling and slow cooling are hereinafter refen*ed to the primary cooling and the 

55 secondary cooling, respectively. 

[0077] Primary cooling to temperatures of from 500 to 800**C at cooling speeds exceeding 120'*C/sec improves the 
workability through the refinement of ferritic grains and of peariite structure after the transfonnation. At that moment, 
extremely superior woricability is attained by applying the cooling at cooling speeds of 200**C/sec or more, more pref- 
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erably of 400**C /sec or more, from the viewpoint of reduction in siz of ferritic grains and of pearlite structure. Although 
the upper limit of the cooling speed is not specifically specified, industrial application has a limit of approximately 
2,000«C/sec. 

[0078] To reduce the dispersion of material properties of hot-rolled steel strip to further preferable level, it is preferred 
5 for the temperature to Stop the rapid cooling to regulate within the rang of th present invention and for the temperature 
variations (maximum value - minimum value) in the width direction and in the longitudinal direction of coil after the 
rapid cooling to regulate within 60®C. 

[0079] More preferably, by regulating the variations of tensile strength to within ± 4%, the above-described perform- 
ance at users site can be significantly improved. In that case, by regulating the variations of temperature to stop the 

10 rapid cooling to within 40'*C, the variations in the material quality can be minimized. 

[0080] To further reduce the variations of tensile strength to within ±2%, the above-given variations of temperature 
to stop the rapid cooling may be regulated to within ZO'^C. The reduction in variations of material quality can be deter- 
mined from the relation between the variations of these temperatures and the tensile strength. The temperature In the 
coil width direction according to the present invention covers the range of coil width except for the 30 mm area from 

15 each of the edges thereof. 

[0081] As for the performance of the rapid cooling (primary cooling), the variations in temperature after the rapid 
cooling can be reduced by applying cooling with a heat transfer coefficient of 2,000 kcal/m^h ®C. Preferred heat transfer 
coefficients to reduce the variations of temperature are 5,000 kcal/m^h'^C or more, further preferably 8,000 kcal/m2h**C 
or more. 

20 [0082] For the primary cooling, if the cooling starts within a period of from more than 0.1 second to less than 1.0 
second after the finish-rolling, the post-transformation ferritic grains and precipitates such as pearlite can be refined, 
thus the workability can further be improved. To attain more preferable level of dispersion of material quality in hot- 
rolled steel strip, the time to start cooling is preferably longer than 0.5 second after the finish-rolling. 
[0083] After the primary cooling, preferably slow cooling (secondary cooling) is applied for adjusting the coiling tem- 

25 perature. In particular, when the cooling speed of the secondary cooling Is less than eC'C/sec, accurate temperature 
control is available, thus the end temperature of cooling, or the temperature of coiling, becomes uniform. As a result, 
the structure of coil afterthe coiling becomes further homogeneous, so that it is preferable to give the secondary cooling 
to the steel strip at cooling speeds of less than 60 **C/sec for homogenizing the mechanical properties in a coil. 
[0084] After the secondary cooling, the steel strip is necessary to be coiled at temperatures of from 400 to 750**C. 

30 The reason is that the coiling temperatures of less than 400*C induces the formation of low temperature transformed 
phase, and that the coiling temperature of higher than 750**C induces formation of coarse structure of grains or the 
like to degrade the workability. As for the coiling temperature of high C materials, the colling temperature is preferred 
to be applied at 450**C or more to prevent the formation of low temperature transformed phase. From the viewpoint of 
homogenization of the material quality of final products, it is prefen-ed to regulate the difference in coiling temperature 

35 In a coil to 80'*C or less. 

[0085] The present invention can also be applied to the direct rolling process in which a continuously cast slab is 
directly hot-rolled without passing through a heating furnace. The present invention is also effective to the continuous 
rolling process that uses a coll box and the like. When the material being rolled is heated by an induction heating unit 
immediately before the finish-rolling or during the finish-rolling, the present invention is also effective when edge heating 

40 is applied. 

[0086] Annealing thus obtained hot-rolled coil afterthe cold-rolled provides cold-rolled steel sheet having both ex- 
cellent workability and excellent homogenization of mechanical properties. In that case, the annealing is preferably 
applied by continuous annealing to assure homogeneity of the mechanical properties. 

45 Example 1 

[0087] Steels Nos. 1 through 7 having the chemical compositions given in Table 1 were prepared by melting. All 
these steels have the chemical compositions within the range of the present invention. The steels were rolled under 
the hot-rolling conditions given in Table 2 to form respective hot-rolled colls Nos. 1 through 1 4, each having a thickness 
50 of 3 mm. The heat transfer coefficients in the rapid cooling (primary cooling) in Example 1 were 3,000 to 4,000 kcal/ 

m2h*»C. 

[0088] Tension testing specimens were prepared by cutting at 5 positions on each of the hot-rolled coil in the longi- 
tudinal direction thereof. On each specimen, average tensile strength (TS), total elongation (El), dispersion in tensile 
strength (A TS), and dispersion in total elongation (AEI) were determined. For a part of the hot-rolled coils, bore ex- 
55 panding rate {X) and dispersion in bore expanding rate (AX) were determined. Furthermore, for the hot-rolled coils 
Nos. 4 through 7 and Nos. 1 1 through 1 3, cold-rolling was applied after pickling to a sheet thickness of 0.8 mm, followed 
by applying continuous annealing, then the r value was determined to evaluate the deep drawing perfonnance. Table 
3 shows the result of determination of these mechanical properties of the hot-rolled coils and the cold-rolled and an- 
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nealed sheets. 

[0089] As clearly seen by comparing the steel sheets Nos. 1 through 8 of the Exannples of the present invention with 
the steel sheets Nos. 9 through 14 of the Comparative Examples, having respective chemical compositions, the dis- 
persions of mechanical properties, ATS, AEI, and A X, were smaller In the Examples of the present Inv ntlon than 
s those in the Comparative Examples, for all the chemical compositions tested. To the contrary, the steel sheets Nos. 9 
through 14 of the Comparative Examples failed to satisfy one or more of the manufacturing conditions specified by the 
present invention, giving inferior homogeneity In the mechanical properties or inferior workability to the steel sheets 
Nos. 1 through 8 of the Examples of the present invention having the same chemical composition to the Comparative 
Example steels. 

10 

Example 2 

[0090] Steels Nos. 1 through 7 having the chemical compositions given In Table 1 were rolled under the hot-roHIng 
conditions given In Table 4 to form respective hot-rolled colls Nos. 15 through 28, each having a thickness of 3 mm. 
15 The heat transfer coefficients in the primary cooling were 12,000 kcal/m^h^'C for the steels Nos. 15 through 22 of the 
Examples of the present Invention, and 1 ,000 kcal/m^h'^C for the steels Nos. 23 through 28 of the Comparative Exam- 
ples. 

[0091] Similar with the Example 1 , the dispersion in mechanical properties In the width direction and In the fongltudlnai 
direction of these hot-rolled colls were determined. Furthermore, the hot-rolled coils Nos. 18 through 22 and Nos. 26 

20 through 28 were cold-rolled after the pickling to a thickness of 0.8 mm, followed by applying continuous annealing, 
then the r value was determined to evaluate the deep drawing performance. Table 5 shows the result of determination 
of these mechanical properties of the hot-rolled colls and the cold-rolled and annealed sheets. 
[0092] In the table, ATS and AEI Indicate the half value of the difference between the maximum value and the minimum 
value of TS and El, respectively. To determine the tensile characteristics, specimens were sampled from the coil ex- 

25 eluding the portions of 30 mm from each edge in the coil width and of 5 m from each end In the coll length. The average 
of all the detennined values was adopted as the intra-coil average. 

[0093] As clearly seen by comparing the steel sheets Nos. 15 through 22 of the Examples of the present Invention 
with the steel sheets Nos. 23 through 28 of the Comparative Examples, having respective chemical compositions, the 
dispersions of mechanical properties, ATS and AEI, were smaller in the Examples of the present invention than those 
30 in the Comparative Examples, for all the chemical compositions tested. To the contrary, the steel sheets Nos. 23 through 
28 of the Comparative Examples failed to satisfy one or more of the manufacturing conditions specified by the present 
invention, giving Inferior homogeneity in the mechanical properties or inferior workability to the steel sheets Nos. 15 
through 22 of the Examples of the present invention having the same chemical composition to the Comparative Example 
steels. 

35 [0094] According to the present invention, the variations of temperature to stop the rapid cooling (primary cooling) 
In a coil are smaller than those in the conventional laminar cooling in prior art, and the variations In mechanical properties 
are reduced to further preferable level. The cooling method according to the present invention is the perforated ejection 
type providing high heat transfer coefficient. 

[0095] As described above, the present invention allows to manufacture steel sheet that has excellent homogeneity 
40 of mechanical properties in a coll, giving high El and lvalues of hot-rolled coil and high r value after cold-rolled and 
annealed, and providing excellent workability. 
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Table 5 



Steel sheet 
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Steel No. No. 


Mechanical properties of hot-rolled steel sheet 
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35 

Pr ferred embodiment 2 



[0096] The inventors of the present invention carried out extensive studies to improve the stretch flanging perform- 
ance, the breaking elongation, and the shock resistance focusing on high tension steels which were manufactured by 

40 reheating continuously cast slab followed by hot-rolling thereof or which were manufactured by directly hot-rolling the 
continuously cast slab without reheating. Thus, the Inventors of the present invention found that the stretch flanging 
performance and the breaking elongation are influenced by the presence of a banded structure enriched with C, Mn, 
or the like at center portion of the sheet thickness, and that the improvement in shock resistance becomes effective 
when the yield strength of the material is increased to a level that does not degrade the workability of the material. 

45 [0097] These findings were further investigated to derive the present invention. That is, the present invention pro- 
vides: 

1 . A method for manufacturing steel sheet consisting essentially of 0.05 to 0.14% C, 0.5% or less Si, 0.5 to 2.5% 
Mn. 0.05% or less P, 0.01% or less S, 0.005% or less O, and less than 0.0005% Ca, by weight, which method 

50 comprises the steps of: (1 ) forming a slab by continuous casting conducting treatment to reduce segregation; (2) 

hot-rolling the slab at end temperatures of finish-rolling of Arg transformation point or above; (3) starting the primary 
cooling within 2 seconds after completed the hot-rolling at cooling speeds of from 100 to 2,000'*C/sec to cool the 
hot-rolled steel sheet to temperatures of from 600 to 750*C; (4) applying the secondary cooling after the primary 
cooling at cooling speeds of less than 50**C/sec, followed by applying coiling to the secondary cooled hot-rolled 

55 steel sheet at temperatures of from 450 to 650"*C. 

2. A method for manufacturing steel sheet consisting essentially of 0.05 to 0.14% C, 0.5% or I ss Si, 0.5 to 2.5% 
Mn, 0.05% or less P, 0.01% or less S. 0.005% or less 0, and less than 0.0005% Ca, by weight, which method 
comprises the steps of: (1 ) fonning a slab by continuous casting conducting treatment to reduce segregation; (2) 
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reheating the slab before applying hot-rolling; (3) hot-rolling the slab at end temperatures of finish-rolling of Ar^ 
transformation point or above; (4) starting the primary cooling within 2 seconds after completed the hot-rolling at 
cooling speeds of from 1 00 to 2,000*C/sec to cool the hot-rolled steel sheet to temperatures of from 600 to 750'*C; 
(5) applying the secondary cooling after the primary cooling at cooling speeds of less than 50**C/sec, followed by 
s applying colling to the secondary cooled hot-rolled steel sheet at temperatures of from 450 to 650^C. 

3. The method for manufacturing steel sheet described In either of above-given 1 or 2, while further adding either 
one of the steps of: (1) applying annealing after pickling; and (2) applying cold-rolling after pickling, followed by 
annealing. 

4. The method for manufacturing steel sheet described In either one of the above-given 1 through 3, in which the 
10 steel further contains 0.01 to 0.3% as sum of one or more of Ti, Nb, V, Mo, Zr, and Cr. 

[0098] According to the present invention, the composition and the manufacturing conditions are specified to attain 
the effect of the invention. The detail of the reasons of specification is described in the following. 

IS 1 . Composition 

Carbon 

[0099] Carbon Is added to secure the strength of the steel sheet. If the 0 content is less than 0.05%, the strength of 
20 340 MPa or more, which is a target of the present invention, cannot be attained. If the C content exceeds 0.14%, the 
degradation of workability significantly degrades. Accordingly, the C content is specified to a range of from 0.05 to 
0.14%. 

Silicon 

25 

[0100] Silicon is an element to strengthen the solid solution, thus S is added to strengthen the steel sheet. If, however, 
the S content exceeds 0.5%, the surface property degrades. Consequently, the S content Is specified to 0.5% or less. 

Manganese 

30 

[0101] Manganese is added to 0.5% or more for improving the toughness of the steel sheet and to increase the 
strength by strengthening the solid solution. If the Mn content exceeds 2.5%, the workability significantly degrades. 
Therefore, the Mn content is specified to a range of from 0.5% to 2.5%. 

35 Phosphorus 

[0102] Phosphorus has a function to strengthen the solid solution to strengthen the steel sheet. If, however, the P 
content exceeds 0.05%, the workability degrades owing to segregation. Consequently, the P content Is specified to 
0.05% or less. 

40 

Sulfur 

[0103] Sulfur forms sulfide, and the quantity of sulfide Increases to degrade the workability if the S content exceeds 
0.01%. Accordingly, the S content is specified to 0.01% or less. 

45 

Oxygen 

[01 04] Oxygen is specified to 0.005% or less to suppress crack generation on the surface of slab or under the surface 
layer of the slab during continuous casting. 

50 

Calcium 

[0105] Calcium converts alumina oxide, which is a deoxidized product in the case of Al application for deoxidizing 
during steel melt manufacturing stage, into a low melting point Al-Ca-O base oxide. Since the Al-Ca-O base oxide 
55 extends during hot-rolling to degrade the workability (stretch flanging performance), the present invention treats Ca as 
an Inevitable impurity. Consequently, Ca is not positively added, and the Ca content is specified to less than 0.005% 
which Is a level of non-addttlon case. 

[0106] The pr sent Invention deals with the above-given elements as the basic composition components. Neverthe- 
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less, to further improve the characteristics, one or more of Ti, Nb, V, Mo, Zr, and Cr may further be added. 

Ti. Nb, V, Mo, Zr, Cr 

[0107] According to the present Invention, 0.01 to 0.3% as the sum of one or more of Ti, Nb, V, Mo, Zr, and Cr can 
be added for improving the strength. 

[0108] According to the present invention, presence of elements other than those described above is allowable as 
far as they do not give bad influence on the functions and effect of the present Invention. For example, presence of 
2% or less Cu and 0.04% or less Sn Is allowable. 

2. Manufacturing conditions 

(1) Step of forming slab by continuous casting that conducts treatment to reduce segregation 

[0109] To reduce the production cost and to manufacture slab at high yield, the present Invention applies continuous 
casting. 

[0110] During the casting stage, the treatment to reduce segregation is conducted to suppress the segregation of 
C, Mn, and the like during the continuous casting, to prevent the formation of a banded structure at center portion of 
the sheet thickness and the like, thus to attain excellent workability (stretch flanging perfomnance), combining with the 
control of primary cooling speed after the finish-rolling (described after). Examples of the treatment to reduce segre- 
gation are electromagnetic agitation, light draft casting, and increase in cooling speed of Ingot such as slab. These 
treatment methods can be applied separately or combined together 

(2) Step of reheating the slab before hot-rolling 

[0111] For improving the uniformity of temperature in a slab, for homogenizing the mechanical properties In the coil 
width direction, and for further Improving the workability, it is preferable to reheat the slab after continuous casting 
without cooling thereof to room temperature and to start rough-roiling. The reheating temperature Is preferably not 
higher than 1,250*C. 

(3) Step of hot-rolling regulating the end temperature of the finish-rolling to Ar^ transfomnation point or above 

[0112] The end temperature of rolling at the finish-rolling mill Is selected to Ar^ transformation point or above to refine 
the ferrltic grains and the pearlite after the transformation, thus improving the stretch flanging perfomfiance and the 
shock resistance. 

(4) Step of starting primary cooling at cooling speeds of from 1 00 to 2,000''C/sec within 2 seconds after the hot-rolling, 
and to conduct the cooling to temperatures of from 600 to 750*C 

[0113J The cooling (primary cooling) on runout table after the hot-rolling starts within 2 seconds, preferably within 1 
second, after the finish-rolling for reducing the size of ferrltic grains and of pearlite after the transfomnatlon, thus Im- 
proving the excellent workability and shock resistance with high yield strength. Fig. 1 shows the Influence of the time 
to start cooling on the mechanical properties. In the case that the cooling started within 2 seconds after completing the 
finish-rolling, excellent workability and high strength can be attained. 

[0114] The cooling speed of the primary cooling is specified to refine the ferrltic grains and the pearlite after the 
transformation and to improve the stretch flanging performance by the suppression of banded structure formation at 
center portion of the sheet thickness. The place of banded structure corresponds to the C and Mn enriched portion 
during the solidification step. At ordinary cooling speeds of 100**C/sec or less, the temperature of transformation from 
austenite to ferrlte is low, and the banded structure transforms slower than any other portion. As a result, lots of pearilte 
are formed in the banded structure to degrade the stretch flanging performance. 

[0115] If the cooling speed is 100'*C/sec or more, the ferrlte transformation becomes easy even in the C and Mn 
enriched portion, which gives homogeneous elements distribution to suppress the banded structure formation. Higher 
cooling speed is more preferable. In view of Industrial applicability, however, the upper limit of the cooling speed is 
2,000''C/sec. For the case of Comparative Method that applies the cooling speed outside of the range of present 
invention, the banded structure is observed, and the grain size is larger than that of the microstructure of the method 
of the present invention. 

[0116] From the standpoint of refining the ferrltic grains and the pearlite, the cooling speed is preferably 200*C/sec 
or more, and more preferably 400*C/sec or more for further improving the workability. 



17 



1143019A1 I > 



EP1 143 019 A1 



[0117] If the end temperature of the primary cooling Is higher than /SO'^C, the ferritic grain refinement becomes 
difficult. And If it Is less than 600**C, the secondary phase becomes a hard low temperature transformation phase. 
Therefore, the end temperature of the primary cooling is specified to a range of from 600*C or more and less than 750*C. 

5 (5) Step of applying secondary cooling after the primary cooling at cooling speeds of less than 50**C/sec, then to apply 
coiling at temperatures of from 450 to 650**C 

[0118] Succeeding to the primary cooling, the secondary cooling is applied. The secondary cooling may be given 
immediately after the stop of the primary cooling or by given after a certain period of time to stand for cooling. That is, 
10 the time to start the secondary cooling is not specifically specified. The cooling speed of the secondary cooling Is 
specified to 50**C/sec or less to let the austenite structure adequately transfomri into pearlite structure to give excellent 
workability. 

[01 1 9] The coiling temperature is regulated to a range of from 450 to 650'C because the coiling temperatures above 
650°C induces formation of peariite which is hamnful to ductility and because the temperatures below 450**C induces 
15 formation of low temperature transfomied phase to degrade the workability. When further homogenized mechanical 
properties are wanted, the temperature difference in a coll Is preferably to be regulated within 50"C by applying, for 
example, a cooling unit having excellent cooling controllability. 

[01 20] On applying the present invention, application of pickling and annealing, or pickling, cold-rolling, and annealing 
after manufactured the hot-rolled steel sheet does not degrade the effect of the present invention. Furthermore, the 
20 effect of the present invention is not degraded even when a hot dip zinc-coated material is used as substrate of hot- 
rolling and cold-rolling. 

[0121] In addition, on applying the present invention, application of an induction heating unit afterthe rough-rolling, 
before the finish-rolling, or between the stands of finish-rolling to heat the edge portions In width direction of coil gives 
further homogenized mechanical properties. Furthemnore, the effect of the present invention is not harmed even under 
25 continuous hot-rolling In which the sheet bar is welded afterthe rough-rolling followed by continuous finish-rolling. 

Example 

[0122] After the melt preparation of steels having the chemical compositions shown in Table 6 according to the 
30 present invention, hot-rolled steel sheets having a thickness of 2.0 mm were manufactured using the manufacturing 
method given in Table 7. For the materials Nos. 1 and 2 and Nos. 5 through 9, the mechanical properties in as-hot- 
rolled state were determined. For the material No. 3, the mechanical properties were detemnlned after hot-rolled, pick- 
led, cold-rolled, and hot dip galvanized. For the material No. 4, the mechanical properties were determined after hot- 
rolled, pickled, and hot dip galvanized. As the evaluation of stretch flanging perfomnance, the bore expanding rate ( 
35 X ) was determined. Table 7 also gives the evaluation result 

[0123] The materials Nos. 1 through 4 as the Examples of the present invention, satisfying the chemical compositions 
and manufacturing conditions of the present invention were compared with the materials Nos. 5 through 9 as the 
Comparative Examples failing to satisfy either one of the manufacturing conditions of the present invention. The ma- 
terials of Examples of the present invention definitely superior In workability (balance of strength and bore expanding 
40 rate), high yield strength, and superior shock resistance. Fig. 2 shows the tensile strength and the bore expanding rate 
of both the Examples and the Comparative Examples. It is cleariy shown that the present invention provides excellent 
characteristics. 



Table 6 
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Ca 
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0.01 


1.23 


0.007 


0.013 


0.0023 
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Example 
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Preferred embodiment 3 

55 

[0124] The inventors of the present invention conducted detail study on the compositions, the rolling conditions, and 
the cooling conditions after the rolling, and found that the stability of strength characteristics are particularly influenced 
by the cooling conditions after the rolling. Thus the inventors derived the present invention. That is, the present invention 
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provides: 

1 . A method for manufacturing high tension steel sheet comprising the steps of: hot-rolling a steel consisting es- 
sentially of 0.03 to 0.12% C, 1% or less Si, 0.5 to 2% Mn, 0.02% or less P, 0.01% or less S, further at least one 

5 element selected from the group consisting of 0.005 to 0.1 % Nb, 0.005 to 0.1 % V, and 0.005 to 0.1% Ti, by weight, 

at temperatures of 1 ,070*C or less to accumulated reductions in thickness of 30% or more; and cooling the hot- 
rolled steel sheet within 6 seconds after completing the rolling at average cooling speeds of not less than 80**C/ 
sec to temperatures of above 500'*C and not more than ZOO'C. 

2. A method for manufacturing high tension steel sheet comprising the steps of: hot-rolling a steel consisting es- 
10 sentially of 0.03 to 0.12% C, 1% or less Si, 0.5 to 2% Mn, 0.02% or less P, 0.01% or less S, and 0.05 to 0.5% Mo, 

by weight, at temperatures of 1 ,070*C or less to accumulated reductions In thickness of 30% or more; and cooling 
the hot- rolled steel sheet within 6 seconds after completing the rolling at average cooling speeds of not less than 
80**C/sec to temperatures of above 500^*0 and not more than 700**C. 

3. The method for manufacturing high tension steel sheet of described In above-given 1 , wherein the steel further 
15 contains 0.05 to 0.5% Mo. 

[0125] The reasons to specify the compositions and the manufacturing conditions according to the present invention 
are described below. 

20 1 . Composition 

Carbon 

[01 26] Carton is added to secure the strength of the steel sheet. If the C content is less than 0.03%, the effect cannot 
25 be attained. If the C content exceeds 0.1 2%, the fomnation of low temperature transfomriation phase occurs to exces- 
sively increase the strength. Accordingly, the C content is specified to a range of from 0.03 to 0.12%. 

Silicon 

30 [0127] Silicon is added to enhance the ferrite precipitation and to prevent excessive increase in YS. If, however, the 
S content exceeds 1%, the wetdability degrades. Consequently, the S content is specified to 1% or less. 

Manganese 

35 [0128] Manganese is added for strengthening the solid solution, for improving hardenability, and for Improving the 
strength. If the Mn content is less than 0.5%, the effect cannot be attained. If the Mn content exceeds 2%, the workability 
degrades and the toughness degrades owing to the increase In the low temperature transfomriation phase. Therefore, 
the Mn content is specified to a range of from 0.5% to 2%. 

40 Phosphorus and Sulfur 

[0129] Since these elements degrade the toughness of steel, the P content is specified to 0.02% or less and the S 
content is specified to 0.01% or less. 

[0130] According to the present invention, one or more of Nb, V, Ti, and Mo are added to improve the strength. 

45 

Nb. V, Ti 

[0131] The elements Nb, V, and Ti are the precipitation hardening elements, and they establish fine microstructure 
of hot-rolled steel sheet to increase the strength. To give the effect, each of these element is added to 0.005% or more. 
50 Excessive amount of these elements saturates the effect and degrades the weldability, and further degrades the tough- 
ness owing to the increase in low temperature transformation phase. Therefore, the upper limit of the addition of each 
of these element Is specified to 0.1%. 

Molybdenum 

55 

[0132] Molybdenum Improves the hardenability, strengthens the structure, and increases the strength. To attain the 
effect, Mo is added to 0.05% or more. However, excessive addition of Mo degrades the weldability and the toughness 
owing to the increase in low temperature transfonnation phase. Consequently, the Mo content is specified to 0.5% or 
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less. 

[0133] According to the present invention, presence of elements other than those described above is allowable as 
far as they do not give bad influence on the functions and effect of the present invention. For exannple, presence of 
0.1% or less Af, Cu, Ni. B. Ca or the like and 0.05% or less B and Ca is allowable. 

5 

2. Rolling condition 

[01 34] To establish unifornn fine microstructure of hot-rolled steel by the rolling in recrystalllzatlon temperature region, 
the rolling Is conducted at temperatures of 1 ,070^C or below with cumulative reduction in thickness of 30% or more. 

3. Cooling condition 

Time to start cooling 

15 [0135] To refine the grains and to stabilize the strength and the toughness, the cooling is started within 6 seconds 
after completed the rolling. For improving the strength and the toughness by the grain refinement effect, preferably the 
time to start cooling is within 3 seconds. 

Average cooling speed 

20 

[0136] The cooling speed is the most important variable in the present invention. Rapid cooling is adopted to prevent 
formation of coarse grains and to assure homogeneous fine grains, with the average cooling speeds of 80®C/sec or 
more, preferably 100'*C/sec or more. 

25 Temperature to stop cooling 

[0137] When the temperature to stop cooling is low, the low temperature transformed phase increases and the YS 
significantly increases to excessively increase the YR and to degrade the toughness. Therefore the temperature to 
stop cooling is specified to 500**C or more. On the other hand, if the temperature to stop cooling exceeds 700*C, the 
30 stability of strength cannot be obtained. Consequently, the temperature to stop cooling is specified to a range of from 
higher than 500*C to not higher than 700®C. 

[0138] According to the present invention, the steps after the stop of the rapid cooling are not specifically specified. 
In the case that winding is applied to form a coil, the process follows common practice to apply slow cooling by air 
cooling or by runout table cooling followed by coiling. In that case, the slow cooling gives preferable effect of reducing 
35 the formation of low temperature transformation phase and of suppressing excessive increase in YS value, thus, par- 
ticularly the slow cooling at 40''C/sec or less is preferred. 

[0139] On applying the present Invention, application of an induction heating unit at inlet of the continuous hot finish- 
rolling mill, or between the stands of the continuous hot finish-rolling mill to heat the sheet bar, and further application 
of an induction heating unit between the stands of the continuous hot finish-rolling mill or the preceding step to the 
^0 finish-rolling mill to heat the edge portions in width direction of the sheet bar assure the homogenization of mechanical 
properties, thus the heating does not induce problem. 

[0140] When the present invention is applied to a continuous hot-rolling process using a coil box, the heating of sheet 
bar may be given before or after the coil box or before or after the roughing mill , or after the coil box, or before or after 
the welder, without raising problem. 

45 

Example 

[0141] With the steels satisfying the chemical compositions given in Table 8 according to the present invention, the 
influence of the variations in manufacturing conditions on the strength characteristics was investigated. The manufac- 
50 turing conditions were varied in temris of the temperature to stop the primary cooling, which are given in Table 9. The 
primary cooling In the table expresses the rapid cooling after the rolling, and the secondary cooling therein expresses 
the slow cooling after the stop of the primary cooling and before the coiling. 

[0142] Regarding the specimens Nos. 1 through 6, No. 1 and No. 6 are the Comparative Examples giving the tem- 
peratures to stop the primary cooling above 500^0 and not more than 700*C, which are outside of the range of the 
55 present invention. The manufacturing conditions of the specimens Nos. 2 through 5 are within the range of the present 
invention, varying the temperature to stop the primary cooling, showing the Examples of the present invention. All the 
specimens had 7 mm in sheet thickness. The result of mechanical properties determination is shown in Table 1 0. Figs. 
3 through 7 show the result of mechanical property test given in Table 10. The specimens given in Figs. 3 through 7 
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corresponded to 1 50**C/sec of the primary cooling speed and to 3*C/sec of the secondary cooling speed. In the figures, 
the rapid cooling expresses the primary cooling. 

[0143] As clearly seen in the tables and figures, according to the conditions within the range of the present invention, 
the variations in strength characteristics of the obtained steel sheets are less to provide stable characteristics even 
5 under varied manufacturing conditions. 



Table 8 

10 



15 



20 



30 



c 


Si 


Mn 


P 


S 


Nb 


V 


Ti 




O.OB 


0.25 


1.57 


0.006 


0.0009 


0.034 


0.072 


0.039 




Table B 


Specimen 


Heating 
temperature 

rc) 


Rollins: 
1070t:. or 
befow 


Finishing 
temperature 

CO 


Time to 

start 
cooling 

(sec) 


Primary 
cooling 
speed 

rC/scc) 


Temperature 
to stop the 
primary 
cooling 

(TO) 


Secondary 

coolins 
speed 

("C/scc) 


Coiling 
temperature 


CO 

E 
v 

a: 


T 


1230 


47—7 
mmt 


B20 






820« 


3 


570 


C 


2 


1230 


47—7 
mmt 


820 


0-6 


150 


660 


3 


570 


E 


3 


1230 


47—7 
mmt 


820 


0.6 


150 


640 


3 


570 


E 


4 


1230 


47—7 
mmt 


820 


0.6 


150 


570 




570 


E 


5 


1230 


47—7 

mmt 


820 


0.6 


150 


520 




520 


E 


6 


1230 


47—7 
mmt 


820 


0.6 


150 


450* 




450 


C 



C : Comparative example 
E : Example 



Table 10 
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Specimen 


YS (MPa) 


TS (MPa) 


El (%) 


TS-EI (MPa.%) 


YR {%) 


vTrs rC) 


1 


612 


652 


30 


19560 


93.9 


-105 


2 


695 


800 


26.5 


21200 


86.9 


-115 


3 


688 


795 


26 


20670 


86.5 


-105 


4 


685 


797 


25.8 


20004 


85.9 


-110 


5 


699 


806 


24.2 


19650 


86 


-100 


6 


808 


836 


18.5 


15466 


96.7 


-85 
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Claims 

1 . A method for manufacturing steel sheet comprising the steps of: 

rough-rolling a continuously cast slab consisting essentially of 0.8% or I ss C, by weight to form a sheet bar; 
finish-rolling the sheet bar at finishing temperatures of (Ar3 transformation point - 20^C) or more to form a steel 
strip; 

rapid cooling the steel strip after completed the finish-rolling at cooling speeds of higher than 1 20**C/sec down 
to temperatures of from 500 to 800°C; and 

coiling the steel strip after completed the rapid cooling at coiling temperatures of from 400 to 750**C. 

2. The method of claim 1 , wherein the continuously cast slab contains 0.8% or less C, 2.5% or less Si, and 3.0% or 
less Mn, by weight. 

3. The method of claim 1 , wherein the continuously cast slab contains 0.8% or less C, 2.5% or less Si, 3.0% or less 
Mn, and 0.01 to 0.2 % of at least one element selected from the group consisting of Ti, Nb, V, Mo, Zr, and Cr, by 
weight 

4. The method of claim 1 , wherein the continuously cast slab contains 0.8% or less C, 2.5% or less Si, 3.0% or less 
Mn, and 0.005% or less of at least one element selected from the group consisting of Ca and B, by weight. 

5. The method of claim 1 , wherein the continuously cast slab contains 0.8% or less C, 2.5% or less Si, 3.0% or less 
Mn, 0.01 to 0.2% of at least one element selected from the group consisting of Ti, Nb, V, Mo, Zr, and Cr, and 
0.005% or less at least one element selected from the group consisting of Ca and B, by weight. 

6. The method of claim 1 , wherein the rough-rolling of the continuously cast slab is carried out by direct hot-rolling. 

7. The method of claim 1 , wherein the rough-rolling of the continuously cast slab is carried out by reheating the slab 
to temperatures of 1 ,200®C or below before cooling thereof to room temperature. 

8. The method of claim 1 , further comprising the step of heating the sheet bar by an induction heating unit inrimediately 
before the finish-rolling or during the finish-rolling. 

9. The method of claim 1 , wherein the rapid cooling of the steel strip is started within a time ranging from more than 
0.1 second and less than 1 second after corhpieted the finish-rolling. 

10. The method of claim 1 , further comprising the steps of: cold-rolling the coiled steel strip; and annealing the cold- 
rolled steel strip. 

1 1 . The method of claim 1 , wherein the rapid cooling step is carried out so as the temperature difference between the 
maximum value and the minimum value in width direction and in longitudinal direction of the steel strip after the 
rapid cooling to become 60**C or less. 

12. The method of claim 1, wherein the rapid cooling step is carried out by cooling the steel strip at heat transfer 
coefficients of 2,000 kcal/m^h^'C or more. 

13. A steel sheet prepared by the method for manufacturing steel sheet of claim 1 and having variations of tensile 
strength in width direction and in longitudinal direction thereof within ± 8% of average value of the tensile strength 
in a coil. 

14. A method for manufacturing steel sheet comprising the steps of: 

rough-rolling a continuously cast slab consisting essentially of more than 0.8% and 1 % or less C, by weight 
to form a sheet bar; 

finish-rolling thus obtained sheet bar at finishing temperatures of (Acm transfonmation point - 20'C) or more 
to form a steel strip; 

rapid cooling the steel strip after completed the finish-rolling at cooling speeds of higher than 1 20**C/sec down 
to temperatures of from 500 to 800^C; and 
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coiling the steel strip after completed the rapid cooling at coiling temperatures of from 400 to 750^C. 

15. The method of claim 14, wherein the rough-rolling of the continuously cast slab is carried out by direct hot-rolling. 

16. The method of claim 14, wherein the rough-rolling of the continuously cast slab is carried out by reheating the slab 
to temperatures of 1 ,200^C or less before cooling thereof to room temperature. 

17. The method of claim 14, further comprising the step of heating the sheet bar by an induction heating unit imme- 
diately before the finish-rolling or during the finish-rolling. 

18. The method of claim 14, wherein the rapid cooling of the steel strip Is started within a time ranging from more than 
0.1 second and less than 1 second after completed the finish-rolling. 

19. The method of claim 14, further comprising the steps of: cold-rolling the coiled steel strip; and annealing the cold- 
15 rolled steel strip. 

20. The method of claim 14, wherein the rapid cooling step is carried out so as the temperature difference between 
the maximum value and the minimum value in width direction and in longitudinal direction of the steel strip after 
the rapid cooling to become 60^C or less. 

20 

21. The method of claim 14, wherein the rapid cooling step is carried out by cooling the steel strip at heat transfer 
coefficients of 2,000 kcal/m^h'^C or more. 

22. A steel sheet prepared by the method for manufacturing steel sheet of claim 14 and having variations of tensile 
25 strength in width direction and in longitudinal direction thereof within ± 8% of average value of the tensile strength 

in a coil. 

23. A method for manufacturing steel sheet comprising the steps of: 

30 forming a slab consisting essentially of 0.05 to 0.14% C, 0.5% or less Si, 0.5 to 2.5% Mn, 0.05% or less P, 

0.01% or less S, 0.005% or less O, and less than 0.0005% Ca, by weight, by continuous casting conducting 
treatment to reduce segregation; 

hot-rolling the slab at finishing temperatures of finish-rolling of Ar3 transfonnation point or more to form a hot- 
rolled steel sheet; 

35 starting primary cooling within 2 seconds after completed the hot-rolling at cooling speeds of from 100 to 

2,000^C/sec to cool the hot-rolled steel sheet to a temperature range of from 600 to 750^C; 
applying secondary cooling, after cooling to the temperature range, at cooling speeds of less than 50®C/sec; 
and 

coiling the secondary-cooled hot-rolled steel sheet at temperatures of from 450 to 650**C. 

40 

24. The method of clainn 23, further comprising the step of reheating the slab before the hot-roiling thereof. 

25. The method of claim 23, further comprising the steps of: pickling the coiled hot-roiled steel sheet; and annealing 
the pickled hot-rolled steel sheet. 

45 

26. The method of claim 23, further comprising the steps of: pickling the coiled hot-rolled steel sheet; cold-rolling the 
pickled hot-rolled steel sheet; and annealing the cold-rolled steel sheet. 

27. The method of claim 23, wherein the slab further contains 0.01 to 0.3% at least one element selected from the 
50 group consisting of Ti, Nb, V, Mo, Zr, and Cr, by weight. 

28. A method for manufacturing steel sheet comprising the steps of : 

hot-rolling a steel consisting essentially of 0.03 to 0.12% C, 1% or less Si, 0.5 to 2% Mn, 0.02% or less P, 
55 0.01% or less S, further at least one element selected from the group consisting of 0.005 to 0.1% Nb, 0.005 

to 0.1% V, and 0.005 to 0.1% Ti, by weight, at temperatures of 1 ,070 *C or below to accumulated reductions 

in thickness of 30% or more; and 

cooling the hot-rolled steel sheet within 6 seconds after completed the rolling at average cooling speeds of 
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not less than 80**C/s c to temperatures of from above 500*C to not more than 700**C. 

29. The method of claim 28, wher in the steel further contains 0.05 to 0.5% Mo. 

5 30. A method for manufacturing steel sheet comprising the St ps of: 

hot-rolling a steel consisting essentially of 0.03 to 0.12% C, 1% or less Si, 0.5 to 2% Mn, 0.02% or less P, 
0.01% or less S, and 0.05 to 0.5% Mo, by weight, at temperatures of 1 ,070°C or below to accumulated reduc- 
tions in thickness of 30% or more; and 
10 cooling the hot-rolled steel sheet within 6 seconds after completed the rolling at average cooling speeds of 

not less than 80*C/sec to temperatures of from above 500*C to not more than 700**C. 
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FIG-3 
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